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IMPORTANCE OF FOOD RATION AND WATER TEMPERATURE 
ON GROWTH OF JUVENILE GREEN SUNFISH 
(LEPOMIS CYANELLUS) 
Christopher J. Chizinski and Kevin L. Pope 
Wildlife and Fisheries Management Institute, Mailstop 2125 
Texas Tech University. Lubbock. Texas 79409 
Abstract.-A randomized design was used to test the difference in growth rates of 
juvenile green sunfish (Lepomis cyanellus) subjected to three treatments (food ration, 
temperature and salinity). Food ration and water temperature were similarly important in 
affecting growth of juvenile green sunfish. Juvenile green sunfish were found to accomplish 
similar growth with scarce food and optimum temperature as with abundant food and 
sub-optimum temperature. This equal and independent relation to biotic and abiotic factors 
should be expected in a ubiquitous generalist species, such as green sunfish. 
Sunfishes (Lepomis sp.) are widespread in North America (Lee et al. 
1980) and are found in aquatic habitats with varying physical/chemical 
conditions and food availability. Bluegill (L. macrochirus) and green 
sunfish (L. cyanellus) are the most ubiquitous sunfish species. The 
green sunfish is highly adaptable and found in most types of aquatic 
habitats (Robinson & Buchanan 1992) because of a broad tolerance to 
a range of ecological conditions, particularly surviving in environmental 
extremes of turbidity, dissolved oxygen, temperature and flow (Pflieger 
1975). Hence, green sunfish is often the first species to inhabit new 
water bodies and one of the first to repopulate flooded areas after a 
drought (Pflieger 1975; Smith 1979). As well as being sought by 
anglers (USFWS 2002), sunfishes are an important food source for 
piscivores such as largemouth bass (Micropterus salmoides) (Lewis et al. 
1961) and flathead catfish (Pylodictis olivari) (Turner & Summerfelt 
1971). 
Predicting year-class strength of fish is often an elusive goal in 
fisheries management. Fish are most vulnerable to mortality during 
early life stages (Houde 1989; Rutherford & Houde 1995) and identifi-
cation of the biotic and abiotic factors controlling survival and growth 
of young fish is essential for understanding recruitment (Miller et al. 
1988). Faster growth in early life stages of fish often results in 
increased survival to age 1 yr (Forney 1976; Post & Prankevicius 1987; 
Rice et al. 1987; Luecke et al. 1990). Slow growth during the first 
summer of life often is implicated as a primary factor influencing winter 
mortality (Gutreuter & Anderson 1985), as small fish remain vulnerable 
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to predation (Cowan et al. 1996) and may be more susceptible than large 
fish to starvation (Cargnelli & Gross 1996, 1997) due to lower energy 
reserves (Fullerton et al. 2000). Slight increases in growth can generate 
an order of magnitude or greater improvement in annual recruitment 
(Houde 1987, 1989; Davis et al. 1991; Rice et al. 1987, 1993). Thus, 
the underlying processes that regulate growth of young fish are critical 
for understanding fish recruitment (Miller et al. 1988). 
Complex interactions of biotic and abiotic factors often regulate 
growth of larval and juvenile fish (Claramunt & Wahl 2000). Three 
commonly identified biotic and abiotic variables affecting growth of 
larval and juvenile fishes are food availability (Letcher & Bengston 
1993; Welker et al. 1994; Chipps et al. 2000; Romare 2000), water 
temperature (Letcher & Bengston 1993; Keckeis et al. 2001; Hurst & 
Conover 2002) and salinity (Abookire et al. 2000; Jarvis et al. 2001; 
Hurst & Conover 2002). Somatic growth of sunfish is rapid during their 
first year of life; thus, this life stage provides an excellent opportunity 
to assess growth differences in short periods « 1 month). This study 
was designed to determine which environmental variable is most 
influential on growth of juvenile green sunfish. 
MATERIALS AND METHODS 
Age 0-1 yr green sunfish (total length: 27.8-54.6 mm) were collected 
from McCullough Park in Lubbock, Texas during October 2001 using 
a seine (1.8 by 9.1-m, 5-mm mesh). Each green sunfish was randomly 
assigned to a l-L aquarium (one fish per aquarium) within one of three 
76-L water baths for a period of 30 days. Aeration was supplied to each 
aquarium through an airstone. Each water bath was partially filled with 
water (approximately 19 L) and contained a rack that held aquaria off 
the bottom of the watyr bath for improved water circulation to obtain 
consistent temperature throughout the water bath and aquaria. Each 
aquarium was an entirely separate system within each water bath, which 
allowed for a fully replicated design. A photoperiod (14 h light: 10 h 
dark) was maintained for the duration of the experiment. Water quality 
parameters (pH, salinity, dissolved oxygen, NH4, and temperature) were 
measured in each aquarium every other day. After measuring water 
quality parameters, 25-40% of the water was siphoned from each 
aquarium to remove debris and waste. Each aquarium was then refilled 
with fresh water. 
Fish were individually weighed (nearest O.Olg wet weight after blot-
ting with absorbent paper) and measured (nearest 0.1 mm total length) 
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Table 1. Mass ratio (final masslinitial mass) was modeled as a general linear model of 
temperature (t), food ration (r) and temperature-food ration interaction (t * r). 
Effect df Type III sum Mean Variance fvalue Pr > f 
of squares square 
Full Model 11 2.1384 0.1944 5.33 < 0.0001 
r 3 1.0260 0.3421 0.01655 6.39 0.0267 
t 2 0.7310 0.3655 0.01342 6.83 0.0284 
t * r 6 0.3212 0.0535 0.00292 1.47 0.2056 
at the beginning and the end of the experiment. Before each weighing, 
fish were starved one day to evacuate their digestive systems. Other-
wise, fish were fed bloodworms (San Francisco Bay Co.) once daily. 
The experimental design was a fully replicated (r = 2) randomized 
design with three random effects (food ration, temperature and salinity) 
(Scheiner & Gurevitch 2001). Temperatures (20, 25 and 30°C) that 
could potentially be encountered by age 0-1 yr green sunfish during 
summer were subjectively selected. Each green sunfish within each 
water temperature was randomly assigned a food ration (6, 19, 26 and 
36% of initial mass) in the range of 4 to 40% of initial mass and a 
salinity level (1, 2 and 4 ppt) in the freshwater range (0-4 ppt). Treat-
ments were tested as random effects, which allowed investigation of the 
effects across the tested ranges and allowed generalizations to be made 
about the treatments. The two replicates of each treatment-level 
combination were assessed for 72 fish simultaneously. 
Because fish growth is size dependent, mass ratio (final mass/initial 
mass, MR) was modeled using the general linear model procedure 
(Scheiner & Gurevitch 2001) as a function of food ration, temperature, 
salinity and all possible interactions with a significance of alpha = 0.05. 
This procedure was used because it allows for an analysis of variance on 
unbalanced random effect models (Scheiner & Gurevitch 2001), which 
was appropriate because two fish died during this experiment and were 
excluded from analyses. After initial analysis, salinity (including all 
associated interactions) was found to have no effect on the growth of the 
sunfish and was removed from subsequent analysis. As a result, the 
final MR model was a function of food ration (r), temperature (t) and 
a food ration-temperature interaction (r*t). The effects were ranked in 
order of significance to MR by proportional contribution to the total sum 
of squares. 
RESULTS 
The final model (MR = f (r, t, r*t» explained 50% of the variation 
in growth of juvenile green sunfish (Table 1). Food ration was the most 
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Figure 1. Mean ± SE mass ratio (tinal mass I initial mass) of juvenile green sunfish held 
at 20, 25 and 30°C for 30 days. The reference line refers to a mass ratio of one, which 
indicates no growth; values> 1 indicate weight gain and values < 1 indicate weight loss. 
significant factor influencing growth of juvenile green sunfish (P = 
0.0267), but was only slightly more significant than temperature (P = 
0.0284). Fish held at 20 and 25°C gained weight (Figure 1), whereas 
fish at 30°C lost weight. Juvenile green sunfish growth was also 
positively related to food ration (Figure 2). Fish that were provided the 
two smallest food rations lost weight. There was no significant 
interaction (P = 0.21) between food ration and temperature. 
DISCUSSION 
The aim of this study was to assess the importance of food ration, 
temperature and salinity on juvenile green sunfish growth. Salinity did 
not have an effect probably because a narrow range (1-4 ppt) was tested 
that may not have been sufficient to detect growth differences. Food 
ration and temperature each had a strong effect on the growth of the 
juvenile green sunfish. Food abundance and water temperature acted 
independently and were almost of equal significance in determining the 
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Figure 2. Mean ± SE mass ratio (final mass/initial mass) of juvenile green suntish provided 
four food rations (6, 19, 26 and 36% of initial mass) for 30 days. The reference line 
refers to a mass ratio of one, which indicates no growth; values> 1 indicate weight gain 
and values < 1 indicate weight loss. 
growth of juvenile green sunfish. Mischke et a1. (2001) conducted a 
similarly designed experiment on larval hybrid sunfish (green sunfish x 
bluegill) and found that feeding regime (brine shrimp three times per day 
for three days after hatch and commercial feed for 25 additional days 
versus brine shrimp three times per day for seven days and commercial 
feed for 21 additional days after hatch) affected larval growth more than 
temperature (19, 21 and 24°C). This differs from the results of this 
study, which found almost equal effects of food ration and temperature 
on the growth of juvenile green sunfish. 
Temperature affects the maximum and maintenance energy intakes of 
fish (Elliot 1994). The energy demand increases when a fish is sub-
jected to temperatures different from its optimum, which creates a 
greater need for food consumption (Letcher & Bengtsom 1993). The 
difference between the energy required for maintenance and the energy 
that is consumed is the opportunity for growth. Maximum growth of 
fishes tends to occur at the upper end of the preferred temperature range 
and declines quickly beyond the optimum temperature (Elliot 1994). 
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Limitations of food abundance at all temperatures resulted in reduced 
growth of juvenile green sunfish. The costs of increased temperatures 
include greater metabolic rates (Brett & Groves 1979; Elliot 1994) and 
decreased assimilation efficiency with greater ingestion rates (Boehlert 
& Yoklavich 1984). Thus, optimal temperatures accelerate growth, 
whereas unfavorable temperatures tend to halt or even reverse growth 
because away from their optimum, the energy demands increase 
(Conover 1990). 
For survival it is important that larval and juvenile fish grow as 
rapidly as possible to avoid predation (Werner & Gilliam 1984; Bailey 
& Houde 1989) and store enough energy reserves for winter (Gutreuter 
& Anderson 1985). The reproductive season of green sunfish is May 
through August (Moyle 1976), therefore age 0-1 yr green sunfish can be 
exposed to a wide range of biotic and abiotic factors and hence varying 
energy demands. Green sunfish spawned at a time that provides optimal 
conditions, abundant food and intermediate temperatures during their 
first several months of life, will be most likely to survive predation and 
winter conditions and recruit to the adult popUlation. Following the 
results of this study, it is expected that green sunfish spawned in less 
than optimal temperatures will overcome the increased energy demand 
by consuming more prey. In addition, green sunfish that are spawned 
during periods of low food availability would likely have greater 
survival if spawned at or close to their optimal temperature. Thus, 
juvenile green sunfish can accomplish similar growth under dissimilar 
environmental conditions. This equal and independent relationship to 
biotic and abiotic factors should be expected in a ubiquitous generalist 
species, such as green sunfish. 
ACKNOWLEDGMENTS 
We thank Felix Martinez, Jr., Jesse Shuck and Adam Welch for 
assistance in the field and laboratory. Bart Durham, Jesse Shuck and 
Mathew Vermillion provided comments on this manuscript. This is 
manuscript number T-9-979 of the College of Agricultural Sciences and 
Natural Resources, Texas Tech University. 
LITERATURE CITED 
Abookire, A. A., 1. F. Piatt & M. D. Robards. 2000. Nearshore tlsh distributions in an 
Alaskan estuary in relation to stratification, temperature and salinity. Estuar. Coast. 
Shelf., 5 I (1) :45-59. 
Bailey, K. M. & E. D. Houde. 1989. Predation on eggs and larvae of marine fishes and 
the recruitment problem. Adv. Mar. BioI., 25(1):1-83. 
CHIZINSKI & POPE 269 
Brett, J. R. & T. D. Groves. 1979. Physiological energetics. pp. 279-262, in Fish 
physiology (W. S. Hoar, D. J. Randall & J. R. Brett, eds.) Academic Press, New York, 
NY, 786 pp. 
Boehiert, G. W. & M. M. Yoklavich. 
rate in larval Pacific herring, 
Bioi. Ecol., 92(\):1-8. 
1984. Carbon assimilation as a function of ingestion 
harangues Valencienlles. J. Exp. Mar. 
L. M. & M. R. Gross. 1996. The dimension in tish recruitment: birth 
date, body size, and size-dependent survival in a sunfish (bluegill: Lepomis 
machrochirus). Can. J. Fish. Aqua!. Sci., 53(2):360-367. 
Cargnelli, L. M. & M. R. Gross. 1997. Fish energetics: larger individuals emerge fron, 
winter in better condition. Trans. Am. Fish. Soc., 153-156. 
Chipps, S. R., L. M. Einfalt & D. H. Wahl. 200Cl. Growth and food consumption by tiger 
muskellunge: effects of temperature and ration level on model predictions. 
Trans. Am. Fish. Soc., 129(1):186-193. 
Claramunt, R. M. & D. H. Wahl. 200Cl. The effects of biotic and abiotic factors in 
larval fish growth rates: a comparison across and reservoirs. Trans. 
Am. Fish. Soc., 129(3):835-851. 
Conover, D. O. 1990. The relation between for growth and length of growing 
season: evidence for and of counter gradient variation. Trans. Am. Fish. 
Soc., 119(3) :416-430. 
Cowen, J. H., E. D. Houde & K. A. Rose. 1996. of marine 
fish larvae to an individual-based numerical experiment. ICES J. Mar. Sci., 
53(1):23-37. 
Davis, C. S., G. R. Flieri, P. H Wiebe & F. J. Franks. 1991. turbulence 
and recruitment in J. Mar. Res., 49(1): 109-151. 
Elliot, J. M. 1994. Quantitative and the brown trout. Oxford University Press, 
Oxford, UK, 298 pp. 
J. L. 1976. Year-class formation in the walleye (Strizostediom vitreum vitreum) 
population in Oneida Lake, New York, 1967 - 1973. J. Fish. Res. Board Can., 
33(5):783-792. 
Fullerton, A. H., J. E. R. A. Wright & R. A. Stein. 200Cl. Overwinter grmvth and 
survival of largemouth bass: interactions among size, food, origin, and winter 
Trans. Am. Fish. Soc., 129(1):1-12. 
Gutreuter, S. J. & R. O. Anderson. 1985. of size to the recmitment 
process in largemouth bass. Trans. Am. Fish. Soc., 114(3):317-327. 
Houde, E. D. 1987. Fish life and recmitment 17-29, in 
10th annual larval fish conference (R. D. Hoyt, ed.). American Fisheries Society, 
:SYlmp'OSllum 2, Bethesda, MD, 190 pp. 
Houde, E. D. 1989. Subtleties and in the life of fishes. 1. Fish. Bio\', 
UVP'ICll.lcm A) :29-38. 
Hurst, T. P. & D. O. Conover. 2002. Effects of temperature and 
ncr .. o,_",,,,_,,,,.,,r Hudson River striped bass (Marone saxatilLI): 
overwintering habitats. Can. J. Fish. Aqua!. Sci., 
on survival of 
for optimal 
Jarvis, P. L., 1. S Ballantyne & W. E. Hogans. 2001. The intluence of salinity on the 
of shortnose sturgeon. N. Am. J. Aquacult., 63(4):272-276. 
Keckeis, H., E. Kamler, E. Bauer-Nemeschkal & K. Schneeweiss. 2001. Survival, 
de1,el'DDlrnent and food energy partitioning of nase larvae and at different 
temperatures. J. Fish. Bio!., 
Lee, D. 5., C. R. Gilbert, C. H. Hocutt, R. E. Jenkins, D. E. McAllister & J. R. Stauffer, 
lr. 1980. Atlas of North American freshwater tlshes. North Carolina State Museum of 
Natural Raleigh, NC, 867 pr. 
Letcher, B. H. & D. A. Bengtson. 1993. Effects of food and temperature on the 
270 THE TEXAS JOURNAL OF SCIENCE-VOL. 55, NO.3, 2003 
and growth of inland silversides (Men ida beryllina). J. Fish. BioI., 
43(5);671-686. 
Lewis, W. M., G. E. 
largemouth bass as a function of 
Fish. Soc., 90(3):277-280. 
1961. Food choice of 
of food items. Trans. Am. 
Luecke, C. J., 1. A. Rice, L. B. Crowder, S. E. Yeo & F. P. Binkowski. 1990. 
Recruitment mechanisms of bloater in Lake an of the 
gauntlet. Can. J. Fish. Aqua!. Sci., 47(3):524-532. 
Miller, T. L., L. B. Crowder, J. A. Rice & E. A. Marschall. 1988. Larval size and 
recruitment mechanisms in fishes: toward a conceptional framework. Can. J. Fish. 
Aqua\. Sci., 45(9):1657-1670. 
Mischke, C. C., G. D. Dvorak & J. E. Morris. 2001. Growth and survival of 
sunfish larvae in the laboratory under different feed and temperature regimes. N. Am. 
J. Aquacult., 
Moyle, P. B. 1976. Inland fishes of California. in"",".T!<'1V of California Press, 
CA, 405 pp. 
, W. L. 1975. The fishes of Missouri. Missouri Conservation, Jefferson 
MO, 343 pp. 
Post, J. R. & A. B. Prankevicius. 1987. Size-selective of 
perch (Percaflavescens): evidence from otolith microstructure. Can. 1. Fish. Aqua!. 
Sci., 44(11): 1840-1847. 
Rice, J. A., L. B. Crowder & M. E. Holey. 1987. Expla,ration of mechanisms 
larval survival in Lake bloater: recruitment based on characteristics of 
individual larvae. Trans. Am. Fish. Soc., 119(6):966-975. 
Rice, J. A., T. J. Miller, K. A. Rose, L. B. Crowder, E. A. Marschall, A. S. Trebitz & D. 
L. DeAngelis. 1993. Growth rates and variation and larval survival: inferences from an 
individual-based model. Can. J. Fish. Aqua!. Sci., 
50(1): 133-142. . 
Robinson, H. W. & T. M. Buchanan. 1992. Fishes of Arkansas. The of 
Arkansas Press, AK, 535 pp. 
Romare, P. 2000. Growth of larval and the of diet and tish 
J. Fish. BioI., 
Rutherford, E. S. & E. D. Houde. 1995. 
growth, survival, and recruitment of 
Bay. Fish. B.-NOAA, 97(1):315-332. 
The intluence of temperature on cohort-specific 
bass Marone sa.xatilis larvae in Chesapeake 
Scheiner, S. M. & J. Gurevitch. 2001. Design and 
Oxford Univ. Press, New York, NY, 415 pp. 
of ecological 
Smith, P. W. 1979. The fishes of Illinois. Univ. Illinois Press, Urbana, IL, 314 pp. 
Turner, P. R. & R. C. Summerfell. 1971. Food habits of adult flathead catfish, Pylodictus 
olivaris in Oklahoma reservoirs. Proc. Annu. Conf. Southeast. Assoc. 
Game and Fish Comm., 
USFWS (U.S. Fish and Wildlife Service). 2002. 2001 national survey of 
and wildlife-associated recreation. U.S. Department of the Interior, Washington, D.C., 
170 pp. 
Welker, M. T., C. L. Pierce & D. H. Wahl. 1994. Growth and survival of larval fishes 
- roles of and abundance. Trans. Am. Fish. Soc., 
123(5):703-717. 
Werner, E. E. & J. F. Gilliam. 1984. The ontogenetic niche and species interactions in 
size-structured Annu. Rev. Eco!. Syst., 15(1):393-425. 
CJC at: chris.chizinski@lIu.edu 
